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Introduction

Crushed stone and sand and gravel are the majn types of natural
aﬁgreggte used in the United States, .Aﬂggbre,ga,te i9 used in nearly
oll residential, commercial, and industrial bullding construction,
and in most public works projects including roads and highways,
bridges, rallroad and ﬂl}fht rail beds, airports, water and sewer
sgstems. and tunnels, Wuch of the infrastructure built during the
19505 and 1960s has deterforated to a point that requires
extensive repair or replacement. All this construction requires
enormeus amounts of aggregate. In Colorade, for example,

nearly 45 million tons of aggregate, or about 12 tens per person,
were produced during 1994,

Aggregate Quality

Aggregate qualjty is determined by its physical and chemical
proE.ertnes. and is a combination of these two parameters, The
gyalt)’ of the aggregate required for a specific use related
|rectl to that ‘use. For example, to be used in portland cement
concrete, aggregate should be both physically satistactory, and
chemically innocuous. However, for use as road base, aggregate
commonly only needs to be physically satisfactory; chemical
properties commonly are irrelevant.

For this map, potential sources of aggreqate are defined,
according to general physical and chemical quality. Physical
quality is defined as satisfactory, fair, or poor.” Satisfactory
aggreqate has physical properties thet make it sultable for most
purpeses. It containg claste that generally gre strong, hard,
relatively free from fractures, and not chiplike; capull@f{ .
absorption is very small or absent; and the surface texture is
relatively rou%h. Fair aggregate has ph.{sucol properties that
make it "useful for many purposes, but it commonly can not be
used where engineering ‘specifications are strict such as in
concrete or asphalt. "It containa clasts that qenerally are friable,
moderately fractured, and flat or chiplike; capillary absorption Is
small to moderate; and the surface is relatively smooth and
impermeable, Poor aggregate has physical properties that
gge@tly limit its use.” "It "containg clasts that generally are weak,
ighly fractured; friable; caplllarY absorption is moderate to
high; and the surface is relatively smooth and impermeable. In
many clrcumstances, potential sources of crushed stone can be
processed to improve its quality to meet special requirements,

Chemical quality is defined as either innocuous or deleterious.
Innocuous aggregate contains no constituents that dissolve or
regct chemically to a S|me|cant extent that the atmosphere,
water, or hydrating portfand cement while enclosed in concrete
or mortar under ordinary conditions. Deleterious aqgregate
contains constituents in"significant proportion which are known
to react chemically under conditions ordinarily prevailing in
portland cement concrete or mortar, The reaction may produce
gignificant volume change, interfere with the normal course of
hydration of portland cement, or produce other harmful effects
upon concrete,

How This Map Was Made

The key to m@pfing potential sources of aggregate is an
understanding of the qeology of the reqion. This includes
Quaternary geology for deposits of sand and gravel; |
stratigraphy, origin, and structural history of "the region for
crushed stone; and the subsequent weathering or alteration of
both sand and gravel deposits or potential sources of bedrock for
crushed stone. ~The Geologic Map of Colorado (Twete, 1979)
serves as a primary source of information for determining "the
location of potentidl sources of aggregate.

This map was red by @ttributin% the Dﬁgitcl Geologic Map

repa
of Colorado EPUSES Open File Report 92-0507 (Green, 1992)
with parameters reflecting the quality of unconsolidated
materials and bedrock for use ds aggregate (sand and gravel or
crushed stone). The term.mologg and “classification techniques,
used on this map are briefly described above, and are described
in more detail in USGS Open File Report 95-582 (Langer and

I
Knepper, 1995).

Use of this Wap

Planners and other decision makers respansible for resource
management should find this map useful in regional E!onnmg
and land use management. Because statutory reFuﬂ@ ions,
technological CGFGbIlItIeS. availeble funding, and fand-use
priorities vary from place to place and can be expected to
change with time, this map is designed to provide a resource
data base that will be useful over the years. This map is in
digital format and can be used with other digital date sets,
according to the specific needs of a particular planning issue.
As planning criteria change, the selection of pertinent Tesource
characteristics can be adjusted to meet the changing needs.

This map wes prepared at a scale of 1:500,000 (2 mm on the
map e?uols i kilometer on the ground), The details on the map,
s well as the details of the map unit descriptions, are highly
generalized, Therefore this map is not Intended to replace on-
gite investigations.

Explanation

Potential sources of sand and gravel aggregate are identified
according to their physical frope_rtles. elloy and orange areas
are where sand and qravel deposits are likely to be abundant.

Areas where deposits are likely to contain sand and gravel
with properties that will meet most uses.

Areas where deposits are likely to contain sand and gravel
with properties that may not meet some uses, or may meet
uses only with extensive processing.

Potential sources of crushed stone aggregate are identified
according to both ph{swal and, chemical properties. The colors
of the map units reflect the likely phgsmaﬂ roperty. The

darkness of the map colors reflectsa the likely chemical quality.

Most of area Ilike|¥ te contain potential sources of crushed
stone Gfgregqte ot satisfactory phrsmal quality, and innocuous
chemical ‘quality. May include ‘small areas of fair or poor
quality aggregate, and (or) deleterious chemical quality aggregate.

Wost of area ﬂikel¥ to contain potential sources of crushed
stone afgregqte of satisfactory phf;smal quaﬂltg..ond deleterious
chemical "quality, May contain ‘small areas of fair or foor quality
aggregate, and (or) innocuous chemical quality aggregate.

Wost of area likely to contain lgotentiql sources of crushed stone
aggregate of fair physical quality, end of innocuous chemical |
quality. May contain small ‘areas of satisfactory or poor quality
dggregate, and (or) deleterious chemical quality "aggregate.

Moat of area likely to contain _%otentiql sources of crughed stone
agqregate of fair physical quality, end deleterious chemical |
quality. May contain small areas of satisfactory or poor quality
daqgregate, and (or) innocuous chemical quality agqregate.

Most of area likely to contain potential sources of crushed stone
aggregate of poor physical quality, and innocupus chemical quality.
May contain sma)l ereas of satisfactory or fair quality eggregate,
and (or) deleterious chemical quality aggregate.

Most of area likely to contain potential sources of crushed stone
aggregate of poor physical quality, and deleterious chemical quality.
May contain small areas of satisfactory or fair quality aggregate,
and (or) innocuous chemical quality aggregate.

Some areas shown on the map are not commonly used as aggregate.

Most of area likely to eontaln polential sources of crushed stene
aggregate of mixed physical quality, and of mixed chemical quality.

Materials jn area maﬁ have value as other industrial minerals such
as dimension stone, brick clay, fire clay, send, or cement.

Materials commonly do not contain enough coarse materials for use
as aggreqate,

Bedrock may be fractured mear geologic faults (thick black lines).
This, may facilitate aggregate production by reducing the blasting
requirements. On the othier hand, the rock may be excessively
fractured. Fractured pieces of rock have a lower compressive strength
then non-fractures rock. Therefore, when using this maf to evaluate
@gfgregate resources, aggregate that iz shown near foults may be of
different quality than indicated.

Other sources of information

Sand and gravel deposits of Quaternary age were attributed using
information from Colton and Fitch (1974) ‘and Trimble and Fitch
(1974a,b). An overview of the @ggregqte industry of Colorade,
which focussed on the Denver me rqfolltam area, provides information
on rock formations that may be suitable for production of crushed
stone (Schwochow, 1980). Maps and descriptions of sources of fire
clay (Weage,1953) and construction clay %Spence. 1980) were consulted
to |de?t|ﬁy rock formations having potential for other industrial-
mineral use.
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